Introduction
In this paper, we adopt an historical perspective to analyse commodity price volatility and its relationship with market fundamentals. In particular, we compare the 1920s (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) with the present decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , focusing on two staple commodities: cotton and tin. 1 Specifically, we test whether commodity price volatility and its relationship with market fundamentals have changed over time. The main reasons to expect a change, between the 1920s and the present day, are related to the growing financialisation of commodity markets observed in recent years (UNCTAD 2009, Tang and Xiong 2010) and to the absence, in the 1920s, of a fully developed theory of fair pricing and market efficiency orientating trading strategies. At the same time, the two periods are comparable in terms of available trading instruments if not of rapidity in the transmission of relevant information.
Our analysis is grounded in the theory of storage. This theory illuminates the benefit of holding stocks of physical commodities. Inventories have a productive value, a convenience yield, deriving from the possibility of meeting unexpected demand, while avoiding the cost of frequent revisions in the production schedule and of manufacturing disruptions (Geman 2005) . At the same time, holding stocks involves physical storage costs and financial (opportunity) costs (carrying costs). According to the theory of storage, the difference between future and spot prices mirrors carrying costs net of convenience yield. The latter, in turn, depends on available stocks which also affect volatility.
We present an innovative test of this theory based on the interrelation between net storage costs and spot price returns conditional volatility. Our approach follows Ng and Pirrong (1994) in so far as we analyse interactions 2 between net storage costs and the conditional variability of commodity prices but introduces a more restrictive sign assumption. Moreover, the structure of our model is more closely related to the dynamic properties of the time series. As to this, whereas Ng and Pirrong (1994) regress the rate of change of spot and futures prices on lagged net storage costs in order to avoid multicollinearity problems in the second stage (GARCH) of the analysis, we use bivariate VECM and CCC-GARCH models to obtain unbiased parameterizations of respectively the short-run return dynamics and the corresponding volatilities. 2 An accurate analysis of the correlation between net storage costs and spot returns conditional variances is set out over the full sample and, in order to accommodate periods of stress, using rolling correlations. A priori causality is not imposed on the analysis, since both variables are simultaneously affected by the outstanding stock of commodities.
This work makes two main contributions to the empirical literature on commodity prices. The first consists in constructing a new database on the spot and future prices of cotton an tin for the 1920s, drawing on the historical archives of The Times. The second contribution consists in testing: 1) whether the diffusion of information across commodity markets is significantly different between the two periods, 2) whether the relationship between volatility and net storage costs is consistent with the predictions of the theory of storage.
The main findings of the paper may be summarised as follows. As expected, the diffusion of information is slower and less complete in the 1920s than in present times. This results from the observed behaviour of returns and from the structure of the estimated VECM and GARCH parameterizations. Using full sample correlations, the theory of storage seems to capture the dynamics of data with the exception of historical tin. Rolling correlations, however, qualify this result in two ways. First, dynamic correlation for historical tin 3 corroborate the theory of storage but for one notable exception in 1925.
Second, the recent inroads of financial agents in commodity markets seem to have affected the cotton market, reducing the impact of fundamentals on pricing.
The rest of the paper is organized as follows. Section 1 contains an essential review of the relevant literature. Section 2 describes the empirical methodology. Section 3 reports the preliminary empirical analysis of the data. Section 4 analyzes their conditional first and second moments. The full sample and rolling correlations between net storage costs and spot returns conditional variances are set out in Section 5, and Section 6 concludes.
Literature review
Indicating by F t,T the futures price contracted at time t for delivery at time t+T and by S t the spot price, fair pricing and the theory of storage imply that the two prices are related in the following way (Clark et al. 2001) (1)
Where k t,T represents storage costs as a proportion of the price of the commodity, r t,T is the riskless rate of interest, c t,T is the proportional convenience yield and is equal to the difference between the delivery date (or time to maturity) T and the current date t. In logarithmic terms, the above relationship can be used to define net storage costs z t
where f t = log F t,T and s t = log S t .
Holbrook Working was the first to propose the theory of storage (Working 1948 (Working , 1949 An additional effect, discussed by Ng and Pirrong (1994, p. 209) , relates stocks availability to price variability. Ceteris paribus, as buffers provided by stocks decline, the elasticity of supply decreases and prices become more volatile for a given demand shock. Combining the two effects a negative relation between volatility and net storage costs z t obtains. This relationship is central to our paper and is going to be accurately explored in the following sections.
Geman (2005, p. 25) identifies three main strands in the literature on commodity price volatility and market fundamentals. The first strand models the convenience yield as a random exogenous quantity (e.g. Gibson and Schwartz, 1990) . In contrast, Routledge et al. (2000) propose an equilibrium model in which the convenience yield appears as an inventory-dependent endogenous variable. A third approach directly analyzes the role of inventory in explaining commodity spot price volatility (Geman and Nguyen, 2005) .
3 On this see Cristiano and Paesani (2012) . 4 On this see also Brennan (1958) , Telser (1958 ), Cootner (1960 . 5 On the concept of "normal backwardation" see Keynes (1923 Keynes ( , 1930 , Hicks (1939) , Blau (1944) , Hirshleifer (1989) . 6 On this see Williams (1986) , Bresnahan and Spiller (1986) , Williams and Wright (1989) , Brennan (1991) , Deaton and Laroque (1992) among others. 7 On this see Fama and French (1988, Figure 1 p. 1077) and the literature cited therein.
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A statistical study performed by Fama and French (1987) shows that the variance of prices decreases with inventory levels. Williams and Wright (1991) analyze a quarterly model with a yearly production of the commodity and identify that price volatility regularly increases after harvest time until the next one. Milonas and Thomadakis (1997) , modeling convenience yields as call options, find empirical support for the hypothesis that convenience yield are related negatively to stocks and positively to spot price volatility.
For an analogous approach see Heaney (2002) .
The dynamics of the theory of storage

Theoretical considerations
We model the dynamic relationship between volatility and net storage costs extending Pindyck (2001) , who distinguishes between spot markets for commodities and markets for storage. Our theoretical model consists of the following three equations
Equation ( Where ω is a linear combination of the stochastic components of the model
Statistical methodology
The statistical methodology we employ to investigate the linkages between volatility and commodity price dynamics consists of three steps. First, after preliminary analysis of the time series properties of the data, we estimate a bivariate Vector Error Correction model (see Equations 7 and 8) to filter away any serial correlation of the spot and futures returns, controlling also for the common stochastic trend driving prices in the long-run. Inter-temporal arbitrage should bring about cointegration between spot and futures prices.
(8)
The residuals of the VECM equations, u 's,t and u 'f,t , are used in a second step to obtain measures of volatility using the bivariate CCC-GARCH model set forth below (see Equations 9 -12) (9) (10)
Finally, we calculate full sample and rolling correlations between the conditional volatilities and net storage costs as defined in Equation (2) above.
Equation (6) 's,t is the correct approach to investigate the implications and the explicatory potential of the theory of storage where, following Pindyck (2001) and Equation (6) we expect to find a negative sign.
Two types of correlation are investigated, static (Equation 13) and dynamic. 
The corresponding standard errors, used for inference purposes, are approximated by
Preliminary Statistical Analysis
To test the dynamic relationship between volatility and market fundamentals we employ weekly data on spot, one month and three month futures prices for cotton and tin, observed over two distinct periods: 7 January 1921 -31 According to the ADF unit root tests, the logarithms of the spot and futures prices turn out to be I(1) in levels and I(0) in first differences, a stylized finding of financial time series (tests available from the authors upon request). As expected z t time series are always stationary.
Returns are measured as weekly first differences of log prices. If markets are efficient, prices should behave as martingales and the corresponding first differences should be serially uncorrelated, i.e. have fair game properties.
From an economic point of view, these properties imply that any serial correlation due to noise trading should be wholly eliminated by compensatory trading by informed arbitrageurs/speculators. Comparing the four sets of returns the following characteristics emerge (see Tables 1 and 2 ). (Samuelson 1965) . Second, the JB tests statistics show that deviations from normality, due to both skewness and excess kurtosis, are larger for contemporary than for historical data. Third, heteroskedasticity looms large in all cases. We detect, however, a significant difference in the serial correlation of the returns. The historical data are inconsistent with the martingale hypothesis, which casts some doubts on the efficient dissemination of information on commodity prices in the 1920s as risk-free arbitrage opportunities seem to persist over time. 
Analysis of the short run conditional mean and conditional variance dynamics
Since the information matrix of our system is block diagonal (see Equations 7 to 12 above) with respect to the conditional mean and conditional variance parameters, it is possible to adopt a two-step estimation approach with no reduction in efficiency (Pagan and Schwert 1990) .
The preliminary estimation of the VECM equations is performed using the FIML Johansen procedure. We cannot report, for evident lack of space, the estimates of the bi-variate Vector Error Correction Models that have been used to parameterize the short run dynamics of the spot and futures price rates of change. The corresponding Johansen cointegration tests are set out in Appendix 2. The cointegration characteristics and the autoregressive order of the VECMs are summarized in Table 3 below. The order of the systems computed with historical data is consistently higher than the order of those obtained with contemporary data, corroborating the hypothesis, mentioned above, of a speedier diffusion of information in recent times along with more efficient arbitrage. The conditional variability of the VECM residuals is then parameterized with the help of the bivariate CCC-GARCH model, as specified above. Tables 4 and   5 below provide some relevant results.
The usual misspecification tests suggest that the standardised residuals Q t are well behaved and that the heteroskedasticity of the original return time series are captured by the model (E(Q t )=0, E(Q 2 t )=1 and the corresponding Jarque-Bera (JB) statistics are systematically smaller).
11 Of great interest is the difference in persistence between the historical and contemporary estimates, with coefficient E (which measures volatility persistence) significantly lower in the former case. Conversely coefficient D (which gauges the impact of innovations) is much larger with historical than with contemporary data. These findings reflect the difference in the dissemination of information which, as already documented above, was less rapid and pervasive in the 1920s than in the present day. This implied that new information had a much larger impact on pricing and on volatility, the latter being, in turn, less affected by its own lagged value. 
It is noteworthy, finally, that the GARCH structure of the contemporary cotton and tin returns shares the stylised characteristics of financial assets: a large persistence coefficient, a small coefficient of the innovations, their sum being close to one.
Correlation analysis
Correlation analysis provides some interesting results on the co-movement between conditional return volatility and net storage costs and allows to test the dynamics implied by Equation (6) above. If, in a given time period, inventories are significantly above their average value, we posit that: 1) net storage costs z t exceed their average value (irrespective of the sign of their average) and 2) volatility h 2 's,t is likely to be smaller than its average value. The covariance and the correlation are thus expected to be negative. This holds true also in the opposite case.
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Based on this argument, we interpret observed positive correlations as deviations from market fundamentals due to additional financial considerations, possibly related to risk factors. 13 This corresponds to cases where increases in volatility are associated with falls in the convenience yield,
i.e. to cases where the coefficient of Equation (4) is negative, violating our a priori.
12 If inventories are significantly below their average value: 1) storage costs net of convenience yield will be lower than their average and 2) volatility will be above its average value. 13 The empirical approach by Ng and Pirrong (1994) , disregarding sign considerations, would interpret incorrectly this finding as a validation of the theory of storage. As is well known, (expected) returns are positively related with risk. Increases in volatility can thus be associated with positive basis changes which, in turn, induce a positive correlation between net storage costs and spot return volatility. Moreover, a stylised aspect of recent commodity price behaviour is the leading role of futures price movements which reflect changes in market outlook. We include both one and three months spreads in the analysis in order to assess whether, as expected, the convenience yield rises with maturity (see Milonas and Henker 2001 among many others) . The two approaches provide differing estimates and, for the reasons mentioned in Section 2 above, we focus on the estimates obtained with the Spearman procedure. The estimates seem to corroborate the maturity effect. In the case of cotton, the theory of storage is borne over both periods, with the exclusion of the contemporary one month contract. In the case of tin, the theory of storage does not seem to apply for historical data whilst contemporary data strongly support it.
Some of these findings are puzzling and deserve a more accurate investigation.
Figures A1 to A4 (see Appendix 1 below) show that both commodity prices gyrated hugely during the time periods under investigation. Some interesting information may thus be lost using full sample statistics. We have therefore performed a dynamic Spearman rolling correlation investigation as detailed by Equation (14) above, using three months futures contracts.
The results, based on a 52 weeks window (m = 52), are reported in Figures 1 to 4 below.
Historical data exhibit an irregular pattern. 15 In the case of cotton (Figure 1 ), using three months to maturity net storage costs, the theory of storage is strongly rejected only when prices decline, e.g. in 1926 and again in the early months of 1928 (see Figure A1 ). In both cases this appears to be connected with excess stock accumulation (see Table A1 ). 16 In the case of tin 15 For evident lack of space we have chosen to comment only four of the sixteen possible correlations as reported in Table 6 above. 16 The rejection might be due to hysteresis in the convenience yield related to fears of a stockout (excess reserve effect). 17 The significant and positive correlations of these periods might be explained by the financial risk consideration mentioned above. Figure A1 and Table A1 ). In the case of tin, the upward trend in prices, observed between 1922 and 1926, was accompanied by consumption increasing at a more rapid pace than production and by diminishing stocks. The surge in production between 1927
and 1929 contributed to observed inversion in the price trend (see Figure A2 and Table A1 ). According to data reported in Table A2 (see Figure A3 and Table A2 ). Coming to tin, world production has ebbed and flowed over the sample period. Meanwhile, consumption has been systematically higher than production, with the sharpest imbalances observed between 2006 and 2008, and again at the end of the sample period. This, together with global financial factors, might contribute to explain the two peaks in prices observed over the sample period (see Figure   A4 and Table A2 ). 
